Objective. To estimate the costs of glucocorticoid associated adverse events (GAEs) in patients with rheumatoid arthritis (RA). Methods. We conducted a literature review of studies reporting GAEs in RA patients, and developed a Markov model with the following GAEs: fractures (vertebral, hip, pelvic), hypertension, diabetes, gastrointestinal complications, pneumonia, urinary tract infection, cataract and, in an extended model, myocardial infarction (MI) and stroke. Two-year total costs were calculated using direct medical costs (2001 US dollars) and by running 10,000 Monte Carlo simulations with probability values randomly selected from the GAE literature. Results. On average, glucocorticoid users spent $445 more than non-users, or $0.46 for each dollar spent on purchasing the drug. When adding MI and stroke, users spent on average $430 more than non-users, or $0.44 for each dollar spent on purchasing the drug; this incremental cost ranged from $193 to $682 if MI and stroke were excluded, respectively. In 70% of the simulations there were more deaths among users than among non-users, in both the model with and without MI and stroke. Conclusions. Although results varied depending on attributed GAEs, in general glucocorticoid users spent more than non-users on GAE treatment, and had higher mortality. Patients, providers and policy makers should consider these potential costs of GAEs when making treatment decisions.
Glucocorticoids are chronically used by an estimated 1 million Americans and are considered an affordable therapy for the treatment of many chronic inflammatory diseases [1] . In patients with early active rheumatoid arthritis (RA), glucocorticoids may reduce bone erosions [2] [3] [4] . However, serious glucocorticoidassociated adverse events (GAEs) occur frequently in a dosedependent fashion [5, 6] . Bone loss leading to osteoporotic fractures is reported in up to 50% of patients using glucocorticoids chronically [7, 8] . A recent Dutch study conducted by van Everdingen and colleagues (the Utrecht trial) has been one of very few randomized placebo controlled trials of glucocorticoid monotherapy in RA; this study identified adverse events occurring in glucocorticoid users and controls, and thus those potentially attributable to glucocorticoid use [4] . The association between the occurrence of an adverse event and the use of glucocorticoids is often confounded by the concurrent use of other medications such as disease-modifying anti-rheumatic drugs (DMARDs) and non-steroidal anti-inflammatory drugs (NSAIDs). However, it is important to identify the consequences of adverse events likely to be attributable to glucocorticoid use since these agents represent an affordable therapeutic option that is often added to other regimens.
Healthcare costs associated with glucocorticoids include both those due to the purchase price as well as those resulting from their potential GAEs. For many medications the largest component of their cost is that resulting from associated adverse events [9, 10] . Therefore, despite the low price of glucocorticoids compared with other RA therapies, iatrogenic costs could be a significant component of the total cost of treatment with these drugs. To evaluate the healthcare costs of glucocorticoid-associated morbidity, we developed a decision analytic model that compared healthcare costs in glucocorticoid users and non-users.
Methods

Economic model development
We developed a Markov model with seven health states: no adverse events (NOAE), fracture (FRAC), hypertension (HTN), diabetes (DIAB), fracture and hypertension (FRACHTN), fracture and diabetes (FRACDIAB) and death (DEATH) (Fig. 1) . In each of these states except DEATH, a patient could also acquire a gastrointestinal (GI) complication, a cataract or a serious infection, i.e. pneumonia and urinary tract infection (UTI) noted most commonly in an early study [5] . Osteoporosis fractures of interest were vertebral, pelvic and hip. Although the association of a myocardial infarction (MI) and stroke with glucocorticoid use is highly contentious [11] [12] [13] , for completeness, we extended the model to include these costly adverse events.
The model had duration of 2 yr, divided into 6-month cycles. The length of follow-up was chosen to allow a direct comparison with the results of the unique Utrecht trial, and it was further justified by considering the waning effects of glucocorticoids on disease activity after approximately 2 yr of therapy [4, [13] [14] [15] [16] . The hypothetical patient was a 60-yr-old individual with early RA and no other prevalent conditions such as diabetes or hypertension. We argue that glucocorticoids would be more expensive in patients with significant co-morbidities at the beginning of the 2-yr period than for patients without. To best assess the independent effect of glucocorticoids, a user was compared with a non-user who was not on any RA specific therapy, although glucocorticoid monotherapy is not commonly used in RA management.
The model starts with all individuals in the NOAE state. The probability of acquiring a GAE was the same no matter what health state patients were in, except for the probability of acquiring MI and stroke in patients with diabetes and hypertension. We assumed that patients could acquire only one of these relatively uncommon GAEs per 6-month cycle, and that GI complications, cataract, pneumonia, UTI, MI, or stroke lasted only one cycle. Patients who developed hypertension, diabetes or had a fracture moved to states HTN, DIAB and FRAC, respectively (Fig. 1 ). Hypertension and diabetes were acquired in the middle of the cycle, and thus, total costs were adjusted using the half-cycle correction. Patients in the FRAC, FRACHTN and FRACDIAB states differed from patients in other states because of a higher probability of subsequent fractures.
Further: (i) if a person in the HTN state had a fracture, he/she moved to the combined FRACHTN state; (ii) if a patient in the DIAB state had a fracture, he/she would move to FRACDIAB; (iii) if a person in the HTN state developed diabetes, he/she moved to DIAB; and (iv) if a patient in DIAB developed hypertension, he/she would stay in DIAB. We assumed that hypertensive treatment did not alter the average cost of diabetes since this would include the treatment of the high proportion of hypertensive diabetics [17, 18] . Moreover, from reviewing studies on diabetic and/or hypertensive patients, we found that the probabilities of suffering from a stroke or an MI were similar for a diabetic person with or without hypertension [18] [19] [20] [21] [22] [23] [24] [25] , while they were higher for a hypertensive person with diabetes than for one without diabetes [19, [26] [27] [28] .
Incidence of glucocorticoid-associated adverse events
A literature review identified GAEs that have most commonly been associated with glucocorticoid use and it also determined the probability of occurrence. We searched for Medline and Pubmed articles published in English from 1980 to October 2004 that contained the terms: (i) rheumatoid arthritis and glucocorticoids, (ii) rheumatoid arthritis and adverse events, (iii) glucocorticoids and adverse events. Reference lists of the selected articles were reviewed for additional reports of interest.
We considered randomized controlled trials, open label trials and observational studies that met the following criteria: subjects in the treatment group received low-dose glucocorticoids (<15 mg/day prednisone or equivalent), subjects in the control group did not receive an active therapy and at least 6 months of GAE data were reported. Potential GAEs were those most commonly reported and for which probability estimates could be reliably quantified. Additionally, we restricted our attention to vertebral, hip and pelvic fractures because they were the most commonly identified osteoporotic fractures and those leading to the greatest morbidity [4, 29] .
The literature search yielded 224 articles, of which 45 met inclusion criteria. Among those that did not meet these criteria 9 were excluded because they reported a duration of glucocorticoid therapy shorter than 6 months, 41 because both control and experimental groups received glucocorticoids, or participants were taking other medications in addition to glucocorticoids, 61 because probabilities could not be computed since the studies were reviews, meta-analyses or reported incomplete data, 35 because dosage was not specified or was above 15 mg/day and 33 because GAEs were recorded as decreases in bone mineral density, not as fracture rates. References for the selected studies are reported in Table 1 .
We calculated the probabilities of developing GAEs by dividing the number of people with a GAE by the total number of patients in the appropriate treatment or control group in each of the selected studies. Probabilities were transformed into 6-month probabilities with the underlying assumption that they did not increase or decrease as a function of time. The formula used to transform an n-yr probability into an m-yr probability was P m ¼ 1 À (1 À P n ) m/n . We then specified triangular distributions for the 6-month probabilities of each GAE to be used in the Monte Carlo simulations described below. These distributions were assigned the lowest and highest probability values found in the literature for a specific GAE, and, as the most common value, the average probability value across all studies weighted by sample size ( Table 1) .
Costs of GAEs and further assumptions of the economic model
The costs of each adverse event are shown in Table 1 . Table 2 contains other assumptions used in the economic model. We included only direct medical costs, and therefore we chose the perspective of a third party payer providing comprehensive healthcare coverage to patients. Costs were updated to 2001 US and at each cycle they could transition to the hypertension state (HTN), the diabetes state (DIAB), the fracture state (FRAC) or the death state (DEATH) (A). If a person in the HTN state developed diabetes, he/she would move to DIAB, or if he/she had a fracture, he/she would transition to fracture hypertension (FRACHTN) state. If a patient in the DIAB state developed hypertension, he/she would stay in DIAB, or if he/she had a fracture, he/she would move to fracture-diabetes (FRACDIAB). In any of the health states, patients could also acquire a GI complication, a cataract, a serious infection such as pneumonia and urinary tract infection, a myocardial infarction, or a stroke (B); these events lasted only one cycle. Patients could also transition to the DEATH state following an MI, a stroke, a hip fracture, or a GI complication. dollars (USD) by using the medical care component of the Consumer Price Index. Costs were discounted using the 6-month equivalent of an annual discount rate of 3%.
To obtain GAE costs, we conducted a Medline search for articles that contained the words cost and the specific adverse event in the title or abstract. We included cost and cost-effectiveness analyses conducted in the US, and selected the most recent studies to reflect current management of disease. We restricted our attention to studies that provided cost per event, or per year for chronic conditions, estimated costs using microcosting, or Medicare reimbursements, or charges adjusted with a cost/charge ratio.
The cost of a hip fracture ranged from $13,500 to $22,561 in the 6 months after the event [30] [31] [32] . These figures were similar to those used in previous economic models [33] [34] [35] . In this paper, we used a conservative value of $15,000 (Table 1) . After examining costs and assumptions of two studies that reported costs of vertebral fractures, we conservatively estimated a cost of $1500 per symptomatic event (Table 1) [32, 36] . The cost of pelvic fracture was estimated at $8500 (2001 USD) per symptomatic fracture [30] . We assumed that 50% of these fractures are symptomatic since Chrischilles and colleagues estimated that for fractures other than at the hip, vertebra or wrist, approximately 55% required medical attention [32] .
We used a recent study on the cost-effectiveness of low-dose corticosteroids versus NSAIDs and COX-2 inhibitors to obtain the cost of GI complications [35] . These were similar to the 2001 updated costs used by Ko and Deyo [37] . The cost of communityacquired pneumonia has been reported to be between $5250 and $10,500 (in 2001 USD) per patient hospitalized, and between $250 and $460 per patient not needing immediate hospitalization [38] [39] [40] . Since about 20% of individuals with communityacquired pneumonia need to be hospitalized [39] , we calculated a weighted average cost of $1500 ( Table 1) . Studies of uncomplicated UTI in women have reported costs ranging from $50 to $150 depending on the treatment received [41] [42] [43] . We did not find studies that included the cost of complicated UTIs; however, since only 2% of cases are complicated [5] , our chosen cost appeared reasonable. The cost of cataract surgery was derived from a study that investigated the cost of a complete episode of extracapsular cataract extraction [44] .
The cost of a non-fatal MI ranges from about $9000 to $38,000, and that of a fatal case from $12,000 to $19,000 [17, 45, 46] . Assuming costs of $25,000 for a non-fatal MI, $15,000 for a fatal one and a 20% MI mortality [46] , we used a cost per case of MI of $23,000 ( Table 1 ). The cost of stroke was $21,000 based on studies that have included initial hospitalization, follow up and rehabilitation for a subset of survivors (Table 1) [17, 46, 47] .
Diabetes costs were obtained from two reports of incremental costs in the 8 yr before and after diagnosis [48, 49] . In the year of diagnosis, the cost of a patient with this GAE was over $4600 higher than the cost of a person without it, and excluding the cost of diagnosis or initial hospitalization, it was more than $3200 higher [48, 49] . Thus, we set the cost of diagnosis of diabetes at $1400, and the 6-month follow-up cost at $1500 ( Table 1) .
The cost of hypertension chosen was $1000 in the cycle of diagnosis and $300 for the 6 month follow-up period (Table 1) . In one study, the least costly treatment for hypertension was $794 in the first year and approximately $400 in the second and third [50] , while the most expensive scenario was almost $1120 in the first year and $780 in the follow-up years [50] . Other investigators reported initial costs of almost $1200 and annual follow-up costs of about $700 to $800 [47, 51] . 
Analysis
We ran 10,000 Monte Carlo simulations randomly selecting probability values from the triangular distributions specified for the probabilities of GAEs. This technique allowed us to simultaneously examine combinations of multiple probability values of GAEs. All decision analyses were conducted using Data (version 3.9, Treeage Software, Cambridge, MA). We determined means, standard deviations and percentile values for the 2-yr total costs and number of deaths of users and non-users, and for the difference between the two groups. The simulations were repeated for the model without MI and stroke, and for the model with these cardiovascular adverse events. We defined the iatrogenic cost factor (ICF) as the total cost of glucocorticoids (cost of purchasing the drug plus the cost associated with GAEs) divided by the cost of purchasing glucocorticoids, and the glucocorticoid-attributable ICF (G-IFC) as the cost of purchasing the glucocorticoids plus the difference in costs between users and non-users divided by the cost of purchasing the drug. Furthermore, we ran the Markov model using the probability values calculated from the Utrecht study to compare to the results of the simulations (Utrecht study scenario).
In sensitivity analyses, we used data from the Utrecht study to simulate the effect of more than one event per person with an event. In that study, there were 1.4 events of pneumonia and 2 events of vertebral fracture for each control patient experiencing these events, and there were 1.2, 1.4 and 1.5 events of pneumonia, vertebral fracture and UTI, respectively, for each glucocorticoid user experiencing these events [4] . Simulations were repeated eliminating one GAE at the time (by setting its probability equal to zero) to determine the effect of each one on the costs and number of deaths. Furthermore, we ran the simulations for different levels of costs (À25%, À50%, þ25%, þ50%, þ100%), and increasing the duration of therapy to 10 yr. For all these simulations, we used the same random drawing of probability values.
Lastly, we recalculated the probabilities for users and non-users assuming that no GAEs would occur in the first 6 months and in the first year following the start of glucocorticoids. In order to do this, we assumed that the probability value reported in each study was still the cumulative rate of occurrence of the GAE over the follow-up period.
Results
In the model without MI and stroke, results from the Monte Carlo simulations determined that on average glucocorticoid users spent $1142 in a 2-yr period and non-users spent about $445 less ( Table 3 ). The 2-yr retail cost for 10 mg per day of prednisone is about $970, yielding an average ICF of about 2.18 and a G-ICF of 1.46. In 2.8% of the simulations, users had lower costs than non-users. On average, the number of deaths in the 2-yr period was higher among users (Table 3) . However, in about 30% of the simulations the number of deaths was lower among users than among non-users. If multiple events per person with GAE were considered, users would spend about $427 and have 0.006 deaths more than non-users (results not shown).
When we included MI and stroke, the costs for users and non-users were substantially higher than in the model without these cardiovascular events; however, the difference in costs between users and non-users was slightly smaller at about $430 (Table 3) . The difference in number of deaths was 0.006 in this case also, but both users and non-users had a higher number of deaths (Table 3 ). In about 32% of the simulations users had fewer deaths than non-users. The average ICF was about 2.7 and the G-ICF was 1.44. If multiple events were considered, users would spend on average $411 and have 0.006 deaths more than non-users (results not shown).
Under the Utrecht study scenario, an RA patient on glucocorticoid therapy would spend about $1546, or $205 more than a non-user in a 2-yr period, and the G-IFC would be 1.21 (results not shown). There would be 62 deaths for every 1000 users, and 54 per 1000 non-users. If MI and stroke were included in the GAEs, users would spend $218 less than a patient not on therapy (results not shown). In this case, there would be about 67 deaths among 1000 users, and 63 among non-users, for a difference of 3.6 deaths. The smaller difference in the number of deaths compared with the scenario without stroke and MI is due to the fact that more non-users than users had strokes in the Utrecht trial [4] .
The adverse events that had a larger impact on costs were GI complications and pneumonia (Table 4 ). In the model without MI and stroke, the difference in costs was smallest when GI complications were not considered (G-IFC of 1.34), while in the model with these cardiovascular events the difference was smallest when MI was not included (G-IFC equal to 1.20) . Compared with baseline (Table 3) , excluding pneumonia halved the number of deaths among users in both the models with and without MI and stroke ( Table 4 ). The impact of hypertension and diabetes was modest on costs, and had no effect on the number of deaths even though individuals had higher risks of MI and stroke when they were in these chronic states (Table 4) .
Total costs of users and non-users, as well as the difference in these costs, increased almost linearly with increases in healthcare unit costs (results not shown). In both the model with and without MI and stroke, a reduction of all healthcare costs by 50% led to 50% lower costs for users, non-users and for the cost difference between these two groups. An increase in all healthcare costs by 50% led to a 51% increase in total costs of users, non-users and the difference between the two.
If the model was run for 10 yr instead of 2 yr, costs of users would be $6701, or $2280 more than non-users, about 5.9 and 5.1 times the same costs for the 2-yr period. The 10-yr ICF, 2.62, and the G-ICF, 1.55, were close to those for the shorter period. By the end of the period, there would be about 170 deaths per 1000 users, and 144 per 1000 non-users. In the model with MI and stroke, costs for users would be $8481, or $2127 more than non-users; these were about five times higher than the corresponding costs in the 2-yr period. The 10-yr IFC was 3.05 and the G-ICF was 1.51. The number of deaths was 184 per 1000 users and 162 per 1000 non-users, for a difference of 22, only 4 more deaths compared with the model without MI or stroke.
If GAEs were delayed by 6 months, on average, both users and non-users would spend less than in the case where GAEs were not delayed (Table 5 ). The difference in costs between users and non-users would be 28% and 34% lower than in the case where GAEs were not delayed in the model without and with MI and stroke, respectively (Table 5) . If GAEs were delayed by 1 yr, users would spend on average $733 while non-users would spend $142 less in the model with MI and stroke, and users would spend $1107 and non-users $966 in the model with these events (Table 5 ). The difference in costs was about 50% and 67% lower than in the case where GAEs occurred from the beginning of the period in the model without and with MI and stroke, respectively.
Discussion
Combining data from the literature on the adverse events associated with glucocorticoids in RA patients in a Monte Carlo simulation, we found that on average for each dollar spent on purchasing these drugs an additional $1.2 was spent on treatment of adverse events. However, only $0.46 of this additional cost was strictly attributable to glucocorticoid use. If MI and stroke were included as glucocorticoid-associated adverse events, $1.7 would be spent in addition to every dollar spent on purchasing the drug, of which $0.44 would be attributable to glucocorticoid use. Depending on the GAEs considered, this additional cost ranged from $0.34 to $0.43 in a model that did not include MI and stroke, and from $0.2 to $0.7 in a model that included these adverse events. Considering only data from the Utrecht trial and not including MI and stroke, the difference in costs between users and nonusers was about half of the mean difference found with our simulations. When MI and stroke were added, the results of the Utrecht trial were opposite to those of the simulations, i.e. users had lower costs than non-users. However, because of its small size and restricted generalizability, the Utrecht trial should be considered in the context of other reported studies [4] . Despite the scarcity of such glucocorticoid monotherapy studies, we were able to identify other studies that served as the basis for our estimates on the frequency of occurrence of GAEs, and thus arrive at more generalizable estimates of costs and mortality.
Our study is only one of very few attempts to calculate the total cost associated with glucocorticoid adverse effects. Previous economic studies of glucocorticoids have mainly addressed bone risk and strategies to prevent loss of bone mass [34, 35, 52] . In a cost-effectiveness analysis of low-dose glucocorticoids compared with NSAIDs, Bae et al. [35] estimated the iatrogenic cost of glucocorticoids due only to hip and other fracture, diabetes, cataract, glaucoma and infection. However, other GAEs are also worrisome and costly. In addition we considered hypertension, GI complications, MI and stroke; although we did not include glaucoma. We found that potential non-bone GAEs contribute substantially to healthcare costs, for example GI complications and pneumonia. Atherosclerotic vascular events weighed heavily on our estimated costs. However, cost differences between users and non-users were still substantial, even though these events were excluded. For example, when the association between MI and glucocorticoids use was not considered, the cost to users was almost $200 above that of non-users, and when stroke was not considered, the cost of users was about $680 higher than that of non-users.
The evidence of association between some of the GAEs we chose to include in our model is at times tenuous based on the absence of well-conducted studies in these areas [13] . Hypertension and MI are GAEs for which there is suggestive, albeit not definitive, evidence of an increased risk in glucocorticoid users. Although a number of investigations, including the Utrecht study, have postulated an association [4, 5, 53] , attribution of MI to glucocorticoid therapy in RA is highly contentious [11, 12] . A small increase in the occurrence of hypertension for glucocorticoid users was noted by van Everdingen and colleagues and by other investigators [3, 4, 54, 55] . Due to its multifactorial aetiology, stroke is a GAE that is even more difficult to attribute to glucocorticoid use and most studies have not included stroke as a putative glucocorticoid adverse outcome.
In the Utrecht study there was a trend towards a lower risk of stroke among those receiving glucocorticoids compared with non-users, and we therefore needed to include stroke in our analyses for completeness. Of interest, GI complications were actually less common among glucocorticoid users than among controls in the Utrecht study; this could be due to more substitute use of NSAIDs [4] . This is somewhat concordant with past literature showing that glucocorticoids alone lead to only a very modest increase in ulcer risk in some [5, 56] but not all studies [53, 57] .
Our results highlight the variable literature on this topic but suggest a modest to moderate cost increase associated with glucocorticoid use if a broad array of studies on adverse effects are considered. However, one also needs to be cognizant of the potential health benefits of glucocorticoids seen over the same time period. Glucocorticoids have short-to moderate-term antiinflammatory benefits and probably retard disease progression [3, 4, 14] . In the Utrecht trial, glucocorticoid users had significantly fewer bone erosions than non-users over the 2-yr time period, although the trial did not show a significant improvement in functional disability or general well-being [4] . Bae et al. [35] found that, among adults aged 50 and over, glucocorticoids were cheaper than NSAIDs and had lower morbidity and mortality associated with adverse events. Thus, the authors concluded that glucocorticoids were superior to NSAIDs based on the assumption that these two drugs were equally effective in the treatment of RA patients. Thus, further research into the cost-utility associated with the use of these drugs is clearly warranted. As a first step, the cost of potential adverse events is important new information when considering the use of glucocorticoid therapy. While glucocorticoids are inexpensive to purchase compared with other drugs used in the treatment of RA, the cost of the toxicity associated with these drugs may be significant.
Results of our study are subject to potential limitations. First, we may have overestimated the relative impact of glucocorticoid use on healthcare costs of RA patients because we compared glucocorticoid users with patients not on any systematic therapy; users of other therapies may be subject to other adverse events even more costly than GAEs. Second, we did not know the correlation among GAEs, and assumed that as the probability of a GAE increased, the probability of no adverse events would decrease; however, the probabilities of other GAEs may decrease instead. For this reason, we may have underestimated the probability of having no adverse events. Third, we did not consider a number of GAEs that were reported in the Utrecht study (i.e. skin ecchymoses, sleep disturbances, venous thrombosis and glaucoma) because either they did not have clearly identifiable costs or their occurrence with the lower-dose therapy used in RA was even more speculative than for the GAEs we included. Fourth, we assumed that the probability of occurrence of a GAE was constant over time, and this is not likely to be true for all GAEs. However, we recalculated costs assuming that GAEs were delayed by 6 months and 1 yr to partially address this limitation.
In summary, the incremental costs associated with GAEs exceeded $400 on a per person basis when all scientific evidence was considered. There was also a higher risk of mortality among users than non-users. A well-designed, albeit small clinical trial did not always support our general findings, highlighting why glucocorticoids remain a contentious, yet important component of our RA therapeutic armamentarium. Through careful consideration of the full spectrum of glucocorticoid risks and benefits patients, providers, payers and policy makers can arrive at more informed treatment decisions.
Rheumatology
Key messages
While glucocorticoids are inexpensive to purchase compared with other drugs used in the treatment of RA, the cost of treating associated adverse events may be significant. In a 2-yr period, for every dollar spent on purchasing glucocorticoids for the treatment of RA patients, an additional $0.2 to $0.7 may be spent on the treatment of glucocorticoidassociated adverse events. Glucocorticoids-associated adverse events may also lead to higher mortality in users; in a 2-yr period, there may be from one to eight additional deaths among 1000 users compared with the same number of non-users.
